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A R A P I D  METHOD FOR THE PREFRACTIONATION OF ESSENTIAL OILS. 
APPLICATION TO THE ESSENTIAL OIL OF BLACK SPRUCE 

[PICEA MARIANA (MILL.)BSP.] 

SELMA HAJJI ,JACQUES BELIVEAU ,DAVID Z. S IMON ,ROMANO SALVADOR 
Facu l t y  o f  Pharmacy,Universi ty  o f  Montreal  ,Montreal. 
CLAUDE AUBE ,ALBERT0 CONTI 
S t a t i o n  de Recherches ,Agr icu l  t u r e  Canada,St. Jean,Que. 

ABSTRACT 

A r a p i d  method f o r  t h e  p r e f r a c t i o n a t i o n  o f  complex e s s e n t i a l  o i l s ,  
p r i o r  t o  t h e  i d e n t i f i c a t i o n  o f  t h e i r  components , is  descr ibed.The 
use o f  "hyb r id "  f l a s h  chromatography,developed i n  o u r  l a b o r a t -  
o r i e s , i n  a s p e c i a l l y  cons t ruc ted , jacke ted  column,which pe rm i t s  t h e  
use o f  low b o i l i n g  solvents,makes i t  p o s s i b l e  t o  e f f e c t  s a t i s f a c t -  
o r y  separa t ions  through a s i n g l e  column r a t h e r  than th rough 
m u l t i p l e  columns as i n  c l a s s i c a l  methods,and i n  a f r a c t i o n  o f  t he  
t ime required.The procedure enables a f a c i l e  separa t i on  o f  
hydrocarbons from oxygenated compounds and y i e l d s  , i n  some i n s t a n -  
ces , f r a c t i o n s  of  pure  compounds.Enriched f r a c t i o n s  of  t r a c e  
c o n s t i t u e n t s  a re  a l s o  ob ta inab le  f o r  i d e n t i f i c a t i o n  by gas chrom- 
atography.The method i s  r a p i d  and inexpensive.  

INTRODUCTION 
E s s e n t i a l  o i l s  a re  complex mix tu res  o f  te rpeno ids  and phenyl-  

propane de r i va t i ves .The  number o f  components i n  any s i n g l e  o i l  

may vary f rom few t o  over  one hundred.The presence o f  t h a t  many 
i n d i v i d u a l  components makes t h e  ana lys i s  o f  t h e  oi1,by gas chrom- 

atography ,very d i f f i c u l t  because o f  over1 ap o f  peaks and s im i  1 - 
a r i  t y  o f  r e t e n t i o n  times.Thus , p r e f r a c t i o n a t i o n  o f  t h e  o i l  , p r i o r  

t o  ana lys i s  i s  o f  utmost importance. 

most us ing  m u l t i p l e  columns.To o u r  knowledge,Scheffer e t  a l .  

Var ious methods of p r e f r a c t i o n a t i o n  have been descr ibed, 
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2672 WJI ET AL. 

(1,2)have developed one of  t h e  bes t  f r a c t i o n a t i o n  techniques, 

i n v o l v i n g  1 i q u i d - s o l  i d  chromatography,but t h e i r  method requ i res  

two columns f o r  t h e  separa t i on  o f  hydrocarbons from oxygenated 
components,the ge l  must be s p e c i a l l y  t r e a t e d  and a m ix tu re  o f  

ge l s  o f  var ious  s i zes  i s  r e q u i r e d  f o r  t h e  separa t i on  o f  each 
f rac t ion .The procedure i s  t ime  consuming va ry ing  f rom days t o  
weeks i n  c e r t a i n  cases.The procedure we w i l l  descr ibe  permi ts  a 
separa t ion  s i m i l a r  t o  t h a t  o f  S c h e f f e r  i n  o n l y  45 t o  60 minutes. 

The bas is  of  t h e  process was descr ibed by S t i l l  e t  a1 . (3 ) .  
I n  t h i s  method,cal led " f l a s h  chromatography" a column,the 
diameter of  which va r ies  w i t h  t h e  q u a n t i t y  t o  be separated, is 
f i l l e d  t o  15 cm w i t h  s i l i c a  ge l (40  - 63 ptn).The column i s  f i t t e d ,  
a t  i t s  top,wi th a r e l i e f  va lve  th rough which a f l o w  o f  n i t r o g e n  
i s  introduced.The pressure  i s  regu la ted  by means o f  t h e  r e l i e f  
va l ve  so t h a t  t he  e l u t a n t  i s  f o r c e d  through t h e  column a t  t h e  
r a t e  of 2.5 cm p e r  minute.The compos i t ion  o f  t h e  e l u t a n t  i s  t h a t  
which g ives  a separa t i on  on a s i l i c a  p l a t e  i n  TLC.This t y p e  o f  
" t h r e e  dimensional"  TLC separates t h e  m i x t u r e  i n  45 t o  60 
minutes,the separa t i on  f o l l o w i n g  c l o s e l y  t h e  R f  values on TLC. 

We have combined t h e  e s s e n t i a l s  o f  " f l a s h  chromatography" 
w i t h  t h e  procedure o f  Sche f fe r  t o  make p o s s i b l e  the  s u p e r i o r  
separa t ion  ob ta ined by S c h e f f e r  i n  o n l y  45 t o  60 minutes on a 
s i n g l e  column.This technique,which we te rm "hyb r id "  f l a s h  

chromatography,has made i t  p o s s i b l e  t o  separate complex m ix tu res  , 
t o  i s o l a t e  some o f  t he  c o n s t i t u e n t s  i n  t h e  pure  s t a t e  and t o  
o b t a i n  enr iched f r a c t i o n s  o f  t r a c e  c o n s t i t u e n t s  i n  a very s h o r t  
t ime . In  essence we have combined a g r a d i e n t  t echn ique ,s im i la r  t o  
t h a t  o f  Schef fe r ,w i th  t h e  " f l a s h  chromatographyl 'of S t i l l  .The 
o rde r  o f  e l u t i o n , f o r  t h e  e s s e n t i a l  o i l s , i s  i d e n t i c a l  t o  t h a t  
descr ibed by  Scheffer.The hydrocarbons a re  f i r s t  e l u t e d  w i t h  
hexane and t h e  remaining components a r e  e l u t e d  w i t h  an i n c r e a s i n g  
g rad ien t  o f  e t h e r  i n  hexane.The oxygenated compounds a re  e l u t e d  
i n  t h e  f o l l o w i n g  o rde r  accord ing  t o  t h e  f u n c t i o n a l  group:oxides, 
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PREFRACTIONATION OF ESSENTIAL OILS 2673 

e s t e r s  ,ketones and a lcoho ls .Us ing  d i f f e r e n t  s o l v e n t  m ix tu res  
we have a l s o  app l i ed  t h i s  techn ique t o  t h e  separa t i on  o f  a l k a l o i d s  
(4 )  and saponins(5).  

EXPERIMENTAL 

Ins t ruments  and Opera t ing  Cond i t ions  
The column f o r  "hyb r id "  f l a s h  chromatography i s  a s tandard  

g lass  column ,equipped w i t h  a water-cooled j a c k e t  , f o r  i t s  e n t i r e  
l eng th , to  a l l o w  t h e  use o f  low b o i l i n g  so lvents .The n i t r o g e n  
f low was regu la ted  by t h e  r e l i e f  va l ve  t o  f o r c e  a drop o f  2.5 cm 
p e r  minu te  o f  t h e  su r face  o f  t h e  e lu tan t .The c o n s t r u c t i o n  o f  
t h e  r e l i e f  va l ve  was as descr ibed by S t i l l .  

Gas chromatography was done on a Perkin-Elmer Model 990, 
mod i f i ed  t o  accept a 60 m c a p i l l a r y  column(Durawax fused s i l i c a ;  

J&W DX4-60N) and FID.Nitrogen gas f l o w  was 16.6 cm/sec.,with a 
50 : l  s p l i t  r a t i o .The  program was 90' t o  f i n a l  temperature 180' 
a t  3'/min. f o r  t h e  whole o i l  and f o r  t h e  hydrocarbons.For oxygen- 

a ted  compounds t h e  program was 1300 t o  f i n a l  temperature 180' 
a t  4 ° /m in . In jec to r  and m a n i f o l d  temperature as w e l l  as t h e  F I D  
was h e l d  a t  250°. 

Shmid Hydrodiffuser(Switzer1and) Model LS-500 , k ind l y  p rov ided  by 
PAL Hydrodi f f us  i on (Canada) Inc .  , Ste.Ade1 e , Quebec ,Canada. 

M a t e r i a l s  and Standards 

The spruce o i l  was e x t r a c t e d  by " h y d r o d i f f u s i o n "  us ing  a 

Hexane(Fisher HPLC grade) and e t h e r  f o r  anesthesia(Bi0pharm) 
were used as e l u t i n g  s o l v e n t s . S i l i c a  Gel 60(E.Merck No.9385 

200-400 mesh) was heated a t  105O f o r  60 minutes and d e a c t i v a t e d  

by a d d i t i o n  o f  5% water.  
Ten standards were used: -bo rny l  ace ta te  ,1 imonene ,myrcene, 

p-cymene,cineole, a terpineole,carvone,linalool ,menthol ( A l d r i c h  

Chemical ) and fenchone( F1 uka). 
The b lack  spruce o i l  was e x t r a c t e d  i n  o u r  l abo ra to r ies ,by  

hyd rod i f f us ion , f rom i d e n t i f i e d  species c o l l e c t e d  i n  March 1983 
i n  t h e  reg ion  n o r t h  o f  Montreal  ( t h e  Lauren t ides ) .  
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2674 HAJJI ET AL. 

MONOTE RPENES 1 5 10 15 20 25 30 35 40 45 50 55 60 65 
l i m o n h  - 

HYDROCARBURES myrchne - 
cym6ne - - 0 

oxyde cin6ole 
y ester ac. bornyle 
G &tone fenchone - 
E carvone 
N alcool linalool - 
E '' menthol 
S terpiniol 

100% solvant d' hution - 8% -12% - 1 6 % .  20% 25% . 30% 
hexane 
hher I 

FIGURE 1 : E l u t i o n  o f  t e s t  m i x t u r e  showing separa t i on  o f  hydrocar -  
bons from oxygenated compounds.Tota1 t ime:-  55 minutes.  

TABLE 1 

Main Const i tuents  o f  Black Spruce O i l  Separated by "Hybr id" 
F lash  Chromatography 

Cons ti t uen t RT Capi 1 1 a ry Peak No. Percentage 
Col umn % 

a- p i  nene 
Camphene 
8- p i  nene 
myrcene 
1 i monene 
1,8-cineole 
bo rny l  ace ta te  
borneol  
p i  p e r i  tone 

9 '  40 
11 '  20 
12 ' 
13 '  40 
15'  40 
16 '  10 
36' 40 
43'  
44'  40 

3 
4 
5 
6 
8 
9 

19 
29 
32 

13.8 
24.9 

4.1 
0.1 
0.5 
4.9 

41.2 
t r a c e  
t r a c e  
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3 4  

9 

I 

1 

19 

28 

FIGURE 2 : GLC spectrum o f  O i l  o f  Black Spruce.Numbered peaks are 
i d e n t i f i e d  i n  Table 1. 

PROCEDURE 

To v e r i f y  t h e  e f f i c a c y  o f  t h e  "hyb r id "  f l a s h  chromatography 
procedure,a t e s t  m i x t u r e  was separated p r i o r  t o  i t s  a p p l i c a t i o n  
t o  spruce o i  1. 

P repara t i on  o f  Tes t  M i x t u r e  

carvone 7%;1 imonene ,myrcene ,cymene,cineole and t e r p i n e o l  9%; 
bo rny l  ace ta te  and fenchone l O % ; l i n a l o o l  and menthol 12%. 

column c o n t a i n i n g  50 g(15 cm)of ge l .  

Separa t ion  o f  Tes t  M i x t u r e  

The column,containing 2 m l  o f  t h e  t e s t  m i x t u r e  was e l u t e d  
f i r s t  w i t h  hexane under n i t r o g e n  pressure  s u f f i c i e n t  t o  f o r c e  
a drop i n  s o l v e n t  l e v e l  o f  2.5 cm/min. Twenty-two f r a c t i o n s  o f  
10 m l  each were taken.Nitrogen pressure  was removed and t h e  
hexane was rep laced w i t h  a m i x t u r e  o f  8% e t h e r  i n  hexane.The 
pressure  was r e s t o r e d  and seven f r a c t i o n s  o f  15 m l  were taken. 

Each o f  t h e  standards was d i sso l ved  i n  hexane as f o l l o w s :  

A m i x t u r e  o f  0.2 ml of each( to ta1  2 m l )  was a p p l i e d  t o  t h e  
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2676 HAJJI ET AL. 

Borneol 

FIGURE 3 : Peak 29--Borneo1 .An en r i ched  fract ion.Compare w i t h  t h i s  
same peak i n  F igu re  2. (GLC) 

FIGURE 4 : Peak 29--Borneo1 . I d e n t i f i c a t i o n  by peak enr ichment i n  
GLC. 
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S i m i l a r l y  seven f r a c t i o n s  o f  15 m l  were taken a t  each increased 
concen t ra t i on  o f  e t h e r  i n  hexane i . e .  12%,16%,20%,25%,30% and 
50%.The f r a c t i o n s  were evaporated t o  1 m l  f o r  a n a l y s i s  by gas 
chromatography.The o r d e r  o f  e l u t i o n  i s  t h e  same as t h a t  repo r ted  
by Sche f fe r (2 ) . (F igu re  1)  

Chromatoqraphy o f  B1 ack Spruce O i  1 
The separa t i on  of  2 m l  of b l a c k  spruce o i l  was done on t h e  

same column under i d e n t i c a l  n i t r o g e n  pressure  and i d e n t i c a l  
g rad ien t , the  same number o f  f r a c t i o n s  o f  t h e  same volume be ing  
taken. The e n t i r e  separa t ion  was completed i n  55 minutes.The 
f r a c t i o n s  i s o l a t e d  were i d e n t i f i e d  by gas chromatography by 
means o f  r e t e n t i o n  t imes and peak enrichment.The main 
c o n s t i t u e n t s  are repo r ted  i n  t a b l e  1 w h i l e  t h e  e n t i r e  spectrum 
i s  shown i n  F igu re  2. The i d e n t i f i c a t i o n  o f  peaks 29 and 32 
o f  F igu re  2 borneo l  and p i p e r i t o n e  respec t ive ly ,bo th  p resen t  i n  
t r a c e  amounts,was made s imp le  by combining f r a c t i o n s  o f  severa l  
runs and thus o b t a i n i n g  en r i ched  f r a c t i o n s  which were used f o r  
t h e  i d e n t i f i c a t i o n . T h e  speed o f  t h e  p r e f r a c t i o n a t i o n  makes 
m u l t i p l e  runs n o t  a t  a l l  ted ious .  (F igu res  3 and 4 )  

CONCLUSION 

The a p p l i c a t i o n  o f  t h e  g r a d i e n t  technique t o  " f l a s h  chrom- 
atography provides a very r a p i d  means f o r  t h e  separa t i on  o f  
complex mix tu res ,w i th  r e s o l u t i o n  as g r e a t  o r  g r e a t e r  than t h e  
t ime consuming c l a s s i c a l  methods. Repeated runs f o r  f r a c t i o n  
enr ichment a re  no l onger  t o  be dreaded.Equipment i s  n o t  c o s t l y  
and unless low b o i l i n g  so l ven ts  a re  t o  be used,an o r d i n a r y  column 
f i t t e d  w i t h  a r e l i e f  valve,as descr ibed by  S t i l 1 ,and  s i l i c a  
200 - 400 mesh i s  a l l  t h a t  i s  requ i red .  
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